
 

International Journal of Research In Vocational Studies (IJRVOCAS) 
Vol. 5, No. 1, April 2025, pp. 52~62 

Print ISSN 2777-0168| Online ISSN 2777-0141| DOI prefix: 10.53893 

https://journal.gpp.or.id/index.php/ijrvocas/index  

 

 

52 
 

 

Literature Review: A Comparative Analysis of Cooling 
Methods for Enhancing Solar Panel Efficiency 

Nur Mutiara Syahrian1,2, Anas Faroja1,3 & Rusdianasari1,4,* 

 

1Applied Master of Renewable Energy Engineering, Politeknik Negeri Sriwijaya, Palembang, Indonesia 
2Utilities, PT Kilang Pertamina International Refinery Unit III 
3MedcoEnergi E&P Grissik. 
4Chemical Engineering Department, Politeknik Negeri Sriwijaya, Palembang, 30139, Indonesia 

Email address: 
nmsyahrian@gmail.com, anas.faroja@gmail.com, rusdianasari@polsri.ac.id  

*Corresponding author 

To cite this article: 

Syahrian, N. M., Faroja, A., & Rusdianasari. (2025). Literature Review: A Comparative Analysis of Cooling Methods for Enhancing Solar 

Panel Efficiency. International Journal of Research in Vocational Studies (IJRVOCAS), 5(1), 52–62. https://doi.org/10.53893/ijrvocas.v5i1.364 

Received: 02 19, 2025; Revised: 03 25, 2025; Accepted: 04 18, 2025; Published: 04 25, 2025 

 

IJRVOCAS is licensed under a Creative Commons Attribution 4.0 International License.  

 

Abstract: Overheating can significantly reduce the performance and power generation of solar panels, leading to the 

development of various cooling techniques. This paper compares four cooling methods: heatsink with fan, fin heatsink, water 

cooling, and floating solar panels. The study evaluates these methods based on temperature reduction, cooling efficiency, 

electrical performance, and practical considerations. Active systems, like water cooling and heatsink with fan, showed higher 

performance improvements but required more resources and were more complex to operate. On the other hand, passive systems 

such as fin heatsink, and floating panels offered simpler and more sustainable solutions with moderate efficiency gains. This 

review synthesizes experimental data from multiple sources, highlighting the balance between performance, sustainability, and 

practicality. Additionally, a proposed decision model for selecting cooling methods based on specific criteria is included to guide 

future research and application, providing valuable insights for choosing the best cooling method for solar panels. The findings 

also point to future opportunities for advancements through hybrid systems and new materials to enhance performance and 

sustainability in solar energy systems. 
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1. Introduction

Renewable energy, derived from natural resources like 

sunlight, wind, and geothermal heat, offers a sustainable 

alternative to finite fossil fuels, which contribute to 

environmental pollution and climate change [1].  

Solar energy, in particular, utilizes photovoltaic (PV) 

cells to convert sunlight into electricity through the 

photovoltaic effect. This process makes solar energy 

systems versatile and scalable for various applications. 

Solar energy systems can be deployed on solar farms, 

building rooftops, or integrated into building materials, 

making them easy-to-build and accessible solutions for 

alternative energy needs [2].  

Despite advancements in renewable energy 

technologies, overheating remains a significant challenge 

for solar panels, reducing power conversion efficiency by 

up to 0.5% per °C increase in temperature. Addressing this 

https://journal.gpp.or.id/index.php/ijrvocas/index
mailto:nmsyahrian@gmail.com
mailto:anas.faroja@gmail.com
https://doi.org/10.53893/ijrvocas.v5i1.364
http://creativecommons.org/licenses/by/4.0/


DOI: https://doi.org/10.53893/ijrvocas.v5i1.364 53 

 

issue, various cooling methods have been developed to 

enhance solar panel efficiency and power output. 

This study primarily focuses on comparing various 

cooling methods for solar panels in Palembang, Indonesia, 

while including one additional method from a distant 

location to provide a broader comparative analysis. 

Incorporating a method from outside Palembang allows for 

the evaluation of cooling techniques under different 

climatic conditions, enhancing the robustness and 

applicability of the research findings. 

This paper aims to fill the research gap by providing a 

comparative analysis of four cooling methods: heatsink 

with fan (Fatoni et al. 2019), fin heatsink (Hasan et al. 

2018), water cooling (Harahap et al. 2019), and floating 

solar panels (Junianto et al. 2020). By evaluating these 

methods based on temperature reduction, cooling 

efficiency, electrical performance, and practical 

considerations, this study seeks to identify the most 

effective cooling solutions for solar panels. The findings 

will offer valuable insights for future advancements in solar 

energy systems. 

2. Methods and Materials 

This research was conducted using a comparative 

literature review approach, utilizing secondary data from 

selected journals. The selection criteria for the studies 

included: 

• Relevance: focusing on cooling methods for solar 

panels. 

• Publication Date: Studies published within the last five 

years to ensure up-to-date information. 

• Methodological Rigor: employing robust experimental 

setups and providing detailed data on temperature 

reduction, cooling efficiency, and electrical output. 

• Geographical Diversity: Studies conducted in different 

climatic conditions to provide a comprehensive 

comparison. 

 

The parameters compared include: 

• Panel Temperature: Temperature reduction compared to 

panels without cooling. 

• Cooling Efficiency: The ratio between the temperature 

without cooling and the temperature with cooling. 

• Electrical Output: Increase in electrical power compared 

to panels without cooling. 

• Advantages and Disadvantages: Based on design, cost, 

and implementation complexity. 

 

2.1. Experimental Setups 

According to Dwivedi et al. (2020), cooling 

technologies for photovoltaic (PV) modules have evolved 

to include innovative techniques like microchannels, heat 

sinks, heat exchangers, phase-change materials (PCMs), 

nanofluids, and thermoelectric-generators (TEGs). These 

methods are often combined with other systems to improve 

performance. This concept is depicted in Figure 1. [3]  

 
Figure 1. PV with heatsink concept 

Source: [3] 

In this section we summarize the experimental 

procedures used in four different investigations that sought 

to improve the performance of PV panels using different 

cooling strategies. Heatsink fans, aluminum fins, water 

cooling systems, and floating installations were among the 

several methods used in each study. The experiments were 

carried out in a variety of settings with different climatic 

circumstances, such as Baghdad, Iraq, and Palembang, 

Indonesia. different studies main goal was to determine the 

extent to which different cooling techniques performed to 

decrease the PV panel surface temperatures and improve its 

electrical output and performance efficiency. A thorough 

description of each study's experimental settings, measuring 

tools, protocols, and particular goals may be found in the 

subsections that follow: 
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2.1.1. Heatsink with Fan Method 

The experimental study was conducted in Palembang, 

Indonesia, to study the effect of a heatsink fan on solar panel 

efficiency. Two monocrystalline solar panels were used. 

One panel was equipped with an aluminum heatsink and 

fan, while the other served as a control without any cooling 

system. 

 
Figure 2. PV with heatsink concept 

Source: [4] 

 
Figure 2 shows the heatsink attached to the rear part of 

the solar panel, and a fan was used to accelerate heat 

dissipation. Temperature measurements were recorded 

using a temperature recorder, with thermocouples placed on 

both the front and rear sides of the panels. Solar irradiance 

was measured using a pyranometer, and electrical 

parameters were recorded using a digital multimeter. Data 

was collected every 30 minutes from 9.00 AM to 3.00 PM. 

The primary objective was to compare the temperature 

reduction and efficiency improvement of the cooled panel 

with the control panel [4].  

 

2.1.2. Fin Heatsink Method 

This study was conducted in Baghdad, Iraq, on June 3, 

2017. Two polycrystalline 10 W solar panels were used, 

with one panel fitted with the rectangular variable cross-

section aluminum fins as a passive cooling system and the 

other panel used for control panel.  

 

 
Figure 3. Experimental setup for fin heatsink system 

Source: [5] 

 

As shown in figure 3, using thermal gel, the fins were 

attached to the back of the panel. Temperature 

measurements were taken using a temperature recorder, 

with thermocouples placed on both the front and the rear 

sides of the panels. Solar irradiance was measured using a 

pyranometer, and electrical parameters were recorded using 

a digital multimeter. Data was collected every 20 minutes 

from 9.00 AM to 5.00 PM. The aim was to assess the fin 

cooling system's effectiveness in lowering panel 

temperature and boosting electrical output compared to the 

control panel. [5].  

 

2.1.3. Water Cooling Method 

The experiment was conducted in Palembang, 

Indonesia, in August 2018. Two polycrystalline 100 WP 

Sankelux solar panels were utilized, with one panel cooled 

by a continuous flow of 2.5 liters of water per minute using 

a 4 watt water pump, while the other panel served as a 

control. The setup is illustrated in Figure 4. 

 
Figure 4. Water Cooled Panel Diagram 

Source: [6] 

 

The cooling system operated from 6.00 AM to 6.00 

PM. Data on voltage, current, and temperature were 

recorded every 30 minutes. The objective was to compare 

the performance of the water-cooled panel with the control 

panel, focusing on temperature reduction, voltage increase, 

and overall efficiency enhancement [6].  
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2.1.4. Floating Placement for Solar Panel 

This study took place at Pier 12 Plaju in Palembang, 

Indonesia, for 7 days from 2nd to 8th of August 2019. 

 
Figure 5. Ground and Floating Solar Panel Installation 

Source: [7] 

 

As shown in figure 5, Two 100 WP polycrystalline 

solar panels were used, with one panel installed above the 

river (floating installation) while the other installed on the 

ground (ground installation). Data was collected from 8:00 

AM to 4:00 PM. The experimental setup aimed to compare 

the performance between floating solar panel and ground-

installed panel, focusing on temperature reduction, output 

power, and efficiency. The floating installation acted as a 

passive cooling system, leveraging the cooler air above the 

water surface to reduce panel temperature [7].  

 

2.2. Methodologies 

The performance enhancement of PV panels through 

various cooling techniques has been extensively studied in 

recent years. This paper reviews four relevant studies that 

investigated different cooling methodologies—heatsink 

fans, fins as heatsinks, water cooling, and floating panel 

systems. To enhance clarity, a summary table comparing the 

methodologies of the four studies is provided below: 

 

Table 1. Comparison Summary for each studies 

Study Method Setup 

Data 

Collection 

Frequency 

Fatoni et 

al. 

(2019) 

Heatsink 

with Fan 

Heatsink and fan 

attached to the 

back of the panel 

Every 30 

minutes 

Hasan et 

al. 

(2018) 

Fin 

Heatsink 

Aluminum fins 

attached to the 

back of the panel 

Every 20 

minutes 

Harahap 

et al. 

(2019) 

Water 

Cooling 

Continuous water 

flow on the panel 

surface 

Every 30 

minutes 

Junianto 

et al. 

(2020) 

Floating 

Solar 

Panel 

Floating 

installation on 

the river 

Every 60 

minutes 

daily 

 

While the approaches differ in execution, their 

methodologies share several common elements, making 

them suitable for comparative analysis. 

 

2.2.1. Fundamental Principles of Photovoltaic Cells and 

the Influence of Temperature on Performance 

PV systems are a widely utilized technology for 

transforming solar energy into electrical energy, valued for 

their vast potential, silent operation, and minimal 

maintenance needs. Each PV cell operates as a diode based 

on the p-n junction mechanism, which underpins its ability 

to convert sunlight into electricity. These cells, known as 

photoelectric devices, alter their electrical properties such 

as current, voltage, and resistance when exposed to light. By 

grouping multiple PV cells, solar panels are created, 

allowing for the generation of significant renewable power. 

A standard silicon-based single-junction solar cell 

typically achieves an open circuit voltage ranging from 0.5 

volts to 0.6 volts. Despite the relatively low output of an 

individual cell, connecting many cells within a solar panel 

produces a cumulative effect, generating large amounts of 

electricity and highlighting the essential role of PV systems 

in renewable energy development [8] [9]. 

 

2.2.2. Efficiency Analysis 

Efficiency (η) is a fundamental parameter used to 

evaluate PV panel performance in all four studies. 

Efficiency is measured by comparing the electrical power 

output to the total solar energy that hits the panel's surface: 

𝜂 =  
Power Output

Incident Energy Input
 x 100                 (1) 

Incident energy is determined by multiplying solar 

irradiance (E) with the panel area (A), while power output 

is obtained from the product of voltage (V) and current (I). 

Each study consistently uses this formula to assess the 

overall improvement in PV performance under different 

cooling methods. 

Temperature reduction is a key performance metric, as 

higher panel temperatures typically degrade PV efficiency. 

These studies highlight the significant link between 

reducing temperature and enhancing efficiency. 

Evaluating efficiency is crucial for determining the 

performance of PV systems in various conditions. Studies 

show that solar irradiance, ambient temperature, and 

cooling techniques greatly affect the efficiency of PV 

modules. For instance, Bahaidarah et al. (2013) found that 

active water cooling can reduce module temperatures by 

about 20%, leading to an estimated 9% improvement in 

efficiency [10].  
  

2.2.3. Power Output 

All studies employed the power output equation: 

𝑃 = 𝑉 𝑥 𝐼     (2) 

Power output is measured under varying 

environmental conditions and used as a direct indicator of 

performance enhancement. While the magnitude of power 

gain varies, all studies noted an increase in power output for 

panels that are cooled compared to those without cooling. 

For instance, Fatoni et al. and Harahap et al. both reported 

an average power gain of 2.7 W when cooling systems were 

applied [4] [6]. 
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2.2.4. Fill Factor (FF) Analysis 

Fill Factor is an essential parameter in evaluating the 

performance of a PV panel. It assesses the solar cell’s 

quality by comparing the actual maximum power output 

(𝑃𝑀𝑃𝑃) to the theoretical maximum power output, which is 

the product of the open-circuit voltage (𝑉𝑂𝐶) and short-

circuit current (𝐼𝑆𝐶). [11] 

𝐹𝐹 =  
𝑃𝑀𝑃𝑃

𝑉𝑂𝐶 𝑋 𝐼𝑆𝐶
=  

𝑉𝑀𝑃𝑃 𝑋 𝐼𝑀𝑃𝑃

𝑉𝑂𝐶 𝑋 𝐼𝑆𝐶
    (3) 

 

Where: 

• 𝑃𝑀𝑃𝑃: Power at the Maximum Power Point 

• 𝑉𝑀𝑃𝑃  : Voltage at the Maximum Power Point 

• 𝐼𝑀𝑃𝑃: Current at the Maximum Power Point 

• 𝑉𝑂𝐶 : Open-Circuit Voltage (maximum voltage when no 
current flows) 

• 𝐼𝑆𝐶 :  Short-Circuit Current (maximum current when 
voltage is zero) 
The effect of fill factor on photovoltaic (PV) systems' 

overall efficiency and its consequences for maximum power 

point tracking (MPPT) design optimization were 

investigated by Sharma and Purohit (2014). According to 

their findings, the performance of PV systems is greatly 

impacted by changes in the fill factor, which are controlled 

by variables including temperature, irradiance, and load 

resistance. Better energy conversion can result from 

optimizing the efficiency of solar modules by increasing the 

fill factor through enhanced MPPT algorithms and circuit 

design. This emphasizes how crucial it is to include fill 

factor optimization in the planning and evaluation of PV 

cooling strategies in order to properly manage both thermal 

control and electrical performance [11] 

 

2.2.5. Environmental Data Collection 

Environmental factors such as solar irradiance, 

ambient temperature, and surface temperature were 

measured in all studies. These data points provide crucial 

insights into the real-world applicability of each cooling 

method. For instance, irradiance levels directly influence 

both panel temperature and power output, with cloudy 

conditions resulting in temporary performance dips. 

 

2.2.6. Time-Based Performance Metrics 

Each study evaluated panel performance over a 

specific time range, typically between 8.30 AM and 3.30 

PM, to capture variations in irradiance and temperature. 

This time-based analysis enables the identification of 

optimal performance periods and highlights the efficiency 

enhancement due to cooling methods. 

 
2.2.7. Cooling System Effectiveness 

The cooling methods studied can be categorized as 

active (heatsink fan and water cooling) and passive (fins as 

heatsinks and floating panels). Active systems demonstrate 

greater temperature reduction but may involve higher costs 

and complexity. In contrast, passive systems offer simpler 

and more cost-effective solutions while still providing 

significant performance enhancements. 

 

 

 

 

3. Results and Discussions  

This section outlines the results from the comparative 

analysis of different cooling methods for solar panels, 

including heatsink with fan, fin heatsink, water cooling, and 

floating solar panel installation. The results are analyzed 

based on panel temperature reduction, cooling efficiency, 

electrical output, and the advantages and disadvantages of 

each method. Data from the referenced journals is used to 

provide a comprehensive evaluation of each technique's 

performance.  

To provide a clear and concise overview of the 

performance of each cooling method, Table 2 presents a 

comparative analysis of the efficiency gains, advantages, 

and disadvantages of the various cooling methods evaluated 

in this study. This sets the stage for a detailed discussion of 

the results. 
 

Table 2. Comparison Summary for Cooling Methods 

Cooling 

Method 

Efficiency 

Gain (%) 
Pros Cons 

Heatsink 

with Fan 
15,9  

Effective 

cooling, high 

gain 

Requires 

power, 

maintenance 

Fin 

Heatsink 
9,6 

Cost-effective, 

no power 

needed 

Less 

effective in 

extreme heat 

Water 

Cooled 

Panel 

12,6 High cooling 

efficiency 

Continuous 

water flow 

needed 

Floating 

Solar 

Panel 

6,5 
Sustainable, 

uses water 

bodies 

Biofouling, 

installation 

complexity 

 
The following section delves into a detailed summary 

of the findings from the comparative analysis. It highlights 

the key performance metrics, discusses the practical 

implications of each cooling method, and integrates recent 

advancements in cooling technologies to provide a 

comprehensive understanding of their effectiveness and 

applicability. 
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3.1. Data Result 

3.1.1. Study A: Heatsink with Fan 

This study, conducted in Palembang, Indonesia, 

employed a heatsink with a fan to cool the solar panels. The 

findings showed a notable reduction in panel temperature 

and an increase in electrical output compared to the control 

panel.W 

 
Figure 6. Voc vs Temperature. 

Source:[4] 

 

Figure 6 shows the voltage for open circuit (Voc) 

and surface temperature of solar panels with and without a 

cooling heatsink. The study found that solar panels 

equipped with heatsink and fan maintained a more stable 

temperature on the surface compared to those without 

cooling. This stability is attributed to the heatsink's ability 

to absorb heat from the panel's rear surface and effectively 

dissipate it with the assistance of the fan. 

 

Table 3. PV+HS Result from Study A 

Result 
Delta 

(°C) 

Improvement 
Efficiency 

Voc (V) Vpm (V) 

Average -11.29 1.37 2.92 15.9% 

 

The heatsink with fan method significantly reduced 

panel temperature, achieving an average reduction of 

11.29°C compared to the control. This cooling system also 

enhanced electrical efficiency, with a 15.9% increase in 

output [4]. 

 
3.1.2. Study B: Fin Heatsink 

This study, carried out in Baghdad, Iraq, employed 

aluminum fins as a passive cooling system. This study 

demonstrated a significant decrease in panel temperature 

and an improvement in electrical output. 

 

 
Figure 7. Comparison of power generated PV without vs 

with heat sink 

Source: [5] 

 
Figure 7 demonstrated that implementing cooling 

techniques, such as using heatsink, significantly improved 

the average output current and voltage of solar panels, with 

increases of approximately 9.6% and 7.5%, respectively. 

Initially, the heatsink's passive cooling effect was 

pronounced, but it diminished over time due to rising 

ambient temperatures and decreasing solar radiation. The 

maximum power output was 10.4W for panels with a 

heatsink, compared to 8.75W without cooling, resulting in 

a 15.3% enhancement in average output power. The 

findings highlight the critical role of panel temperature in 

influencing the efficiency and output power of photovoltaic 

systems, with cooled panels achieving higher efficiency and 

power output. 

 
Table 4. Data Result from Study B 

Delta (°C) 
Improvement 

Efficiency 
Voltage (V) Current (A) 

-5.7 1.3 0.4 9,6% 

 

The fin heatsink method reduced the temperature for 

the panel averaging at 5.7°C and peaked at 8°C. This 

passive cooling approach enhanced electrical output by 

9,6%. While less effective than the active fan system, it 

proved simpler and more cost-effective [5]. 
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3.1.3. Study C: Water Cooled Panel 

In August 2018, this experiment conducted in 

Palembang analyzed the effects of air temperature to 

irradiance on PV panel temperature. The standard panel 

reached 50°C by 9:00 AM, peaking at 64.1°C with an 

irradiance of 1081 W/m². In contrast, the water-cooled panel 

maintained an average temperature of 36°C, closely 

aligning with the temperature difference between the panels 

peaked at 26°C, and the average difference was 18.7°C.. 

 

 
Figure 8. PV Panel temperature’s effect 

Source: [6] 

 

As shown in Figure 8, the study examined the effects 

of PV panel temperature on output power, voltage and 

current. With a 1.5-ohm load, the output current average 

remained stable at around 1.8A from 9.00 AM to 3.30 PM, 

showing minimal effect from temperature differences. The 

output voltage for normal panels increased significantly in 

the morning, stabilizing until the afternoon, with water-

cooled panels averaging 18.9V compared to 17.3V for 

normal panels. The water-cooled panels had an average 

output power of 31.5W, falling slightly short of the 34.2W 

generated by the standard panels. Efficiency enhancements 

for water-cooled panels ranged from 10.1% to 13.06%, 

averaging 12.6% throughout the day (without the cloudy 

point). 

 

Table 5. Data Result from Study C 

Delta (°C) 
Improvement 

Efficiency 
Voc (V) Power (W) 

-18.7 1.6 2.7 12.6% 

 

Water cooling achieved the highest reduction in 

temperature, averaging 18,7°C. This method improved the 

panel's electrical generation by 1,6 Volt and 2,7 Watt. 

However, it required continuous water flow and higher 

operational costs [6]. 

 
3.1.4. Study D: Floating Solar Panel 

This study conducted in Palembang, South Sumatra, 

Indonesia, compared floating solar panels with ground-

installed panels. The floating panels showed a considerable 

reduction in temperature and an improvement in output 

power and efficiency. 

 

 

 
Figure 9. Temperature effect and efficiency points 

Source: [7] 

 

The study investigated how PV panel 

temperature affects output power using a 100W DC lamp 

load. On average, the Floating Solar panel was 1.5°C 

cooler than the Ground Solar panel. Data from August 3, 

2019, showed that PV panels generated effective electric 

current between 10:00 AM and 3:00 PM, peaking at 12:00 

PM. At peak irradiance, the Floating Solar panel produced 

53.68W, while the Ground Solar panel generated 44.08W. 

Over seven days, the Floating Solar panel averaged 

51.6W, compared to the Ground Solar panel's 42.9W. The 

Floating Solar panel had an average efficiency of 6.5%, 

slightly higher than the Ground Solar panel's 5.8%, with a 

difference of about 1%. These results suggest that Floating 

Solar panels can effectively lower surface temperature and 

improve output power and efficiency. 

 

 
 
 
 



DOI: https://doi.org/10.53893/ijrvocas.v5i1.364 59 

 

Table 6. Data Result from Study D 

Delta (°C) 
Improvement 

Efficiency 
Voc (V) Isc (A) 

-1.5  0.1 0.2 6.5% 

Floating solar panels reduced temperatures by 1.5°C 

due to passive cooling from the surrounding water. The 

electrical output showed a modest increase of 1.2%, making 

it a sustainable yet less efficient method [7]. 

 
3.2. Study Comparison 

3.2.1. Data Result Comparison 

To clearly illustrate the performance of each cooling 

method, a comparison of voltage and temperature 

reductions was conducted. Voltage is one of the key 

indicators of solar panel performance, as it directly 

correlates with the electrical output, while temperature 

reduction reflects the cooling efficiency of each method. 

The table below summarizes the results from the four 

methods based on these parameters. 

 

 
Figure 10. Temperature effect and efficiency points 

 
As shown in figure 10, water cooling demonstrated 

the most significant temperature reduction, leading to the 

highest voltage improvement, followed by the heatsink with 

fan method. Although passive cooling systems, such as the 

fin heatsink and floating panels, showed lower 

performance, they offered advantages in terms of cost and 

sustainability. This comparative analysis highlights the 

trade-off between active and passive cooling methods, with 

active systems generally achieving higher efficiency 

improvements at the expense of increased complexity and 

operational costs. 

 

3.2.2. Comparison of Impacts Beyond Efficiency 

Although enhancing efficiency is the main objective 

of solar panel cooling systems, it is equally crucial to assess 

the wider implications of these methods, including resource 

consumption, environmental impact, and operational 

feasibility. 

 
• Water Cooling: Although water cooling achieved the 

highest efficiency improvement, its reliance on a 

continuous water flow raises concerns about water 

resource availability, particularly in regions with limited 

water supply. According to Bahaidarah et al. (2013), 

active water-cooling systems may consume substantial 

amounts of water, potentially resulting in long-term 

environmental strain in areas prone to drought. 

Furthermore, the use of water pumps adds to the 

operational costs and energy demand [10].  

• Heatsink with Fan: The heatsink with fan method, 

while effective in reducing temperatures and increasing 

efficiency, requires an additional power source to 

operate the fan. This introduces a minor but notable 

energy overhead, potentially reducing net efficiency. 

Additionally, moving parts, such as fans, may require 

maintenance over time, increasing the operational 

complexity [4]. 

• Fin Heatsink: The passive fin heatsink system offers a 

simpler and more cost-effective alternative to active 

cooling methods. The absence of moving parts makes it 

maintenance-free, but its effectiveness is limited 

compared to active systems. In their study, Hasan et al. 

(2018) emphasized that while the fin system is effective 

for small-scale installations, its scalability is constrained 

in regions with extreme temperatures [5].  

• Floating Panels: Floating solar panel provide a solution 

by cooling the panel naturally by placing above the 

water bodies. Aside from just reducing panel 

temperatures, the study also minimizes land usage, 

which is beneficial in urban or land-scarce regions. 

However, Harahap et al. (2019) observed that floating 

installations might face challenges such as biofouling, 

which can reduce the system's longevity and efficiency 

[7].  

In addition to these observations, a study by Sharaf 

et al. (2022) highlighted the potential for hybrid systems 

that combine active and passive cooling methods. For 

example, combining water cooling with a heatsink could 

leverage the strengths of both approaches while mitigating 

their individual limitations. This hybrid approach could 

offer a pathway to achieving higher efficiency 

improvements with reduced environmental impact [9].  

 

4. Conclusions 

This study compared four solar panel cooling 

methods: heatsink with fan, fin heatsink, water cooling, and 

floating panels, revealing distinct advantages and 

limitations for each. Water cooling achieved the highest 

temperature reduction (18.7°C) and electrical efficiency 

improvement (20%), but its reliance on continuous water 

Heatsin

k with

Fan

Fin

Heatsin

k

Water

Cooled

Panel

Floating

Solar

Panel

Delta Temp. (°C) -11.29 -5.7 -18.7 -1.5

Voltage (V) 1.37 1.3 1.6 0.1

-11.29

-5.7

-18.7

-1.5

1.37 1.3 1.6 0.1

-20
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flow and pumps increases operational complexity and raises 

environmental concerns due to water usage. The heatsink 

with fan method balanced performance and practicality, 

with an 11.29°C temperature reduction and a 15.9% 

efficiency improvement, though it requires energy for fan 

operation, which could impact overall system efficiency and 

maintenance needs. 

 

The fin heatsink system, as a passive method, provided 

a cost-effective solution with a 5.7°C temperature reduction 

and a 10% increase in output, making it suitable for small-

scale applications despite its lower cooling efficiency. This 

method also benefits from lower maintenance requirements 

and reduced operational costs. Floating solar panels 

demonstrated sustainability by utilizing water surfaces for 

passive cooling, achieving a 1.5°C temperature reduction 

and a 6.5% efficiency improvement. However, challenges 

such as biofouling, installation complexity, and potential 

impacts on aquatic ecosystems remain significant 

considerations. 

Overall, the choice of cooling method should consider 

environmental conditions, resource availability, cost, and 

long-term sustainability. Factors such as ease of installation, 

maintenance requirements, and potential environmental 

impacts are crucial in determining the most suitable cooling 

method for specific applications. 
To ensure a comprehensive analysis, three studies 

were selected from Palembang, Indonesia, due to its 

consistent climatic conditions and relevance to local solar 

panel installations. Additionally, one study from a distant 

location was included to provide a broader comparative 

perspective, allowing for the evaluation of cooling 

techniques under different climatic conditions. This 

approach enhances the robustness and applicability of the 

research findings. 

Future studies should prioritize hybrid systems that 

leverage both active and passive cooling methods, along 

with advancements in materials and design. Additionally, 

exploring the integration of intelligent monitoring systems 

to manage and optimize cooling efficiency could 

significantly improve the sustainability and effectiveness of 

solar panel installations to enhance performance and 

encourage wider use of renewable energy technologies. 

Furthermore, investigating the integration of intelligent 

monitoring systems to manage and optimize cooling 

efficiency could significantly improve the sustainability and 

effectiveness of solar panel installations. 
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